Although the striking clinical features of human spasmodic torticollis are well known to neurologists (see Wilson, 1955 ) the pathological basis of this disorder has never convincingly been demonstrated. Previous studies of human pathological cases (Foerster, 1933; Grinker and Walker, 1933; Alpers and Drayer, 1937) leave considerable doubt as to the significance of the lesions described. Although experimental studies (see below) have indicated a number of focal brain-stem lesions which produced abnormal neck postures in experimental animals, the species differences in the effects of certain brainstem lesions on neck posture in primates (Tarlov, 1969) make it seem somewhat doubtful whether human spasmodic torticollis results from lesions similar to those which produce the disorder in laboratory animals.
There is among the published reports of the neuropathology of human spasmodic torticollis no mention of a study of those regions in which lesions in experimental animals produce spasmodic torticollis. Fortunately, Dr. Marion C. Smith had in her collection the brain of a patient with spasmodic torticollis who had been carefully investigated during life. Dr. Smith's routine examination had revealed nothing abnormal, but in the light of the experimental findings it was of considerable interest to make a detailed examination of the brain in such a case. ' Present address: Neurosurgical service, Massachusetts General Hospital, Boston, Massachusetts, U.S.A. CASE REPORT (NHQS 82509) A woman, 65 years old at death, had had a six year history of spasmodic torticollis, consisting of spasms of anterior and left lateral flexion of the neck associated with a static abnormality of neck posture. Involuntary movements were much exaggerated when she was up and about. Death was due to bronchopneumonia.
HISTORY She was admitted to the National Hospital, Queen Square, on 14 November 1958 under the care of Dr. Eliot Slater. Two years before, when aged 61, the patient began to have aching and stiffness at the back of her neck while at work in a factory assembly line. Her neck began flexing laterally to the left in the summer of 1957. This gradually progressed over the next six months until by January 1958 her left ear was approximated to her left shoulder. When she tried to bring her head to a normal position, involuntary spasmodic torsion movements returned it to its abnormal position. When lying down she was able to bring her head to a more normal position. Her spasmodic movements gradually decreased over the next few years. They were not apparent at rest but would appear, to a lesser extent than before, when she attempted to bring her head to an erect position. Her tonic abnormal neck posture was maintained.
When (Fig. la) . She could move her head voluntarily to a more erect position (Fig. lb) , but this effort was quickly overcome by two or three jerks as the head returned to its abnormal position. At rest, when seated in a chair or in bed, her head was more erect, but on first rising or on first sitting down the head deviation became maximal. The left stemomastoid and trapezius muscles seemed to be mildly hypertrophied. Her head could not be placed by the examiner in the normal position. A subsequent attempt was made under general anaesthesia to move her head to a normal position. This was without success because of fixed shortening of the neck muscles apparently secondary to her dystonia.
Her mental state was judged to be within normal limits. There were no involuntary facial movements. Her speech was normal, as was the remainder of the cranial nerve examination, with the exception of the VlIIth nerve (see below). Her gait appeared normal, though it was felt that her coordination for fine hand movements was symmetrically poor. There was no abnormality of power or tone in any of her extremities. The tendon and abdominal reflexes were symmetrical and normal. The plantar responses were flexor, and the sensory examination was normal. Her blood pressure was 140/90 mm Hg. There were marked bilateral varicosities of the superficial leg veins. The remainder of the general physical examination was within normal limits.
Psychiatric evaluation (Dr. R. T. C. Pratt) revealed no evidence of past psychiatric disability apart from the episode of hysterical aphonia after a bombing raid in the war, and in particular there was no apparent psychological cause for the onset or perpetuation of her current disability.
An otological examination was made by Dr. C. S. Hallpike. Nothing abnormal was detected in routine examination of the ears, nose and throat. Neuro-otological testing showed no significant abnormality. An audiogram revealed normal hearing on the right side, and a moderate degree of high tone deafness of perceptive type on the left side. Vestibular function was within normal limits, except for a slight reduction of the left caloric responses. The optokinetic responses were present and equal to the left and right, up and down.
Shortly before her admission she had been evaluated as an in-patient at the Royal National Orthopaedic Hospital. A full radiological examination of the neck was carried out, including tomography of the cervical spine and radiographs of the neck in various positions under anaesthesia. Multiple degeneration of C 5 and 6 and C 6 and 7 intervertebral discs and cervical scoliosis, convex to the right, were demonstrated on the radiogiaphs. No bony cause for her torticollis was found. shows the extent to which the patient could move her head toward a normalposition before hereffort was overcome by spasmodic movements which would cause it to return to the position in (a). Some fixed shortening of neck muscles had taken place by the time these photographs were made. therapy was made. She was fitted with a special collar through which a painful electric shock was delivered below the left mastoid process whenever her head went over into its abnormal position, but this was without lasting effect. There was no objective evidence of improvement on drug therapy (benzhexol, phenelzine, iproniazid, and meprobamate). Her condition did not change materially over the succeeding four years, and she was able to manage her solitary life without difficulty in spite of her disability, although she did not return to work. FINAL While she was in the hospital a thrombophlebitis appeared, and subsequently, signs of bronchopneumonia. In spite of antibiotic therapy she died on 18 March 1962.
Necropsy The necropsy was performed 12 hours after death by Dr. R. C. Barnard.
The cervical spine showed a well-marked scoliosis, and the vertebrae were osteoporotic. The discs were soft and degenerated. There was no local lesion in the spine and the cord showed no evidence of pressure. The sternomastoid and trapezius muscles were said to appear normal, as were the cranium, dura mater, dural sinuses, and the cerebral vessels.
The right common iliac and femoral veins were distended with masses of thrombus, and both branches of the pulmonary artery contained preformed thrombi. There was widespread bronchopneumonia around areas of infarction in both lungs. The spleen was engorged and there were septic infarctions of both kidneys.
Central nervous system The gross appearances of the brain and spinal cord were normal. Coronal slices of the brain revealed no abnormality to naked eye examination. Blocks from the frontal cortex, multiple levels of thalamus and basal ganglia, the vermis and cerebellar hemispheres, and the midbrain, upper, middle and lower pons, upper and lower medulla, cervical, thoracic, and lumbar cord were embedded in celloidin and sectioned frontally at 12 ju.Thesewere stained with thionin, Gros-Bielschowsky, phosphotungstic acid-haematoxylin, Loyez-neutral The caudate nucleus, putamen, globus pallidus, and red nucleus on both sides contained normal large and small neurones in normal proportions. The right and left substantiae nigrae showed normal neurones with what seemed normal amounts of pigment. The corpora Luysii and zonae incertae showed no abnormalities.
With the exception of the rostral tips of the interstitial nuclei of Cajal, which were taken for Marchi staining, the upper mesencephalon was sectioned at 10 sA. Serial sections at 240 A intervals stained with Luxol fast bluecresyl violet showed no abnormalities, nor did sections through the superior, lateral, medial, or spinal vestibular nuclei on either side. The cerebellar hemispheres, vermis, and cerebellar peduncles, and sections through the cervical thoracic, and lumbar spinal cord appeared normal.
Blood vessels were normal throughout. No cavitation was observed anywhere.
Serial sections of both temporal bones were examined with Dr. C. S. Hallpike. Apart from a very slight bulging of Reissner's membrane in the posterior basal coil on the left side, not felt to be significant in relation to the patient's torticollis, no abnormalities were found.
A Koupemik and Feline (1968) . Indirect evidence for an organic basis for spasmodic torticollis comes from certain patients with encephalitis lethargica (Lhermitte and Levy, 1929; Hassin, Schaub, and Voris, 1931) who at some stage present spasmodic jerking movements of the head. In addition, the rarity with which the disorder is successfully treated by psychiatric methods and the fact that spasmodic torticollis can be produced by focal lesions in the brains of experimental animals inclines me to the view that it must be caused in many human cases by a focal pathological change in the central nervous system and that, like other dyskinesias, it may be exacerbated by emotional factors.
The present study was stimulated by the experimental finding (Tarlov, 1969) Carpenter (1956) showed that lesions confined to the red nucleus in the monkey, 'provoke rotation and tilt the head to the side opposite the lesion.' From Carpenter's description the abnormal head Mposture was a tonic rather than a spasmodic head t>j~~-W -deviation. Denny-Brown (1962) Eighth nerve section and labyrinthectomy in lower animals produce marked ipsilateral inclination of the head. In the past it has been suggested (Hyndman, 1939; Wilson, 1955) that labyrinthine pathology might cause torticollis in man. To my knowledge there is no confirmed case where a lesion confined to the eighth nerve or labyrinth has produced inclination of the head in man, man being quite different from lower animals in this respect. Although in the monkey a marked inclination of the head results from labyrinthectomy, the chimpanzee shows only a very slight inclination of the head after this operation (Dow, 1938) . A histological examination of serial sections of the labyrinth was made in the present case with Dr. C. S. Hallpike, and no significant abnormality was found.
Although experimental lesions which produce spasmodic and tonic abnormalities of neck posture have been delineated to some extent for lower animals, the localization of such lesions for man is more difficult. There are only three reports to date of spasmodic torticollis uncomplicated by other abnormal movements (Foerster, 1933; Grinker and Walker, 1933; Alpers and Drayer, 1937) . From these it is not possible to draw conclusions about the lesion or lesions responsible for the torticollis.
The patient described by Grinker and Walker (1933) , a woman of 25, had evidence of encephalitis with widespread perivascular round-cell infiltrations and ganglion cell changes throughout the cortex, basal ganglia, and cerebellum; apparently the pathological changes were not asymmetrical. Foerster (1933) described a man of 23 afflicted with bilateral neck spasms producing retrocollis who died after a cervical laminectomy. Bilateral cavitations of the putamen and substantia innominata were interpreted as being the cause of the retrocollis. However, the documentation provided by the photographs of the histological preparations is not entirely convincing in view of the fact that similar changes have frequently been seen in the brains of patients without torticollis. Alpers and Drayer (1937) described a patient who died at the age of 90. This case is complicated by the fact that the patient had, in addition to spasmodic torticollis, bilateral choreoathetosis involving the upper extremities. There was loss of ganglion cells in the caudate, putamen and globus pallidus but evidently no difference on the two sides. A correlation between the various components of disordered posture and alterations of the individual nuclei within the basal ganglia has recently been put forth by Purdon Martin (1967) , and therefore pathological changes in the basal ganglia in the case of Alpers and Drayer (1937) would have been of.q interest. However the bilateral changes described in a man of such advanced years can hardly be treated as significant. There are also a number of recorded cases examined at necropsy in which spasmodic torticollis was a part of a more generalized dystonia (Cassirer, 1922; Wimmer, 1929; Bouche and van, Bogaert, 1935; Gordin, 1939, and others (see Treff, 1964 
